Background: A better understanding of hypoglycaemia risk when insulin is used in combination with one or more oral antidiabetes agents
is insufficient to provide adequate glycaemic control. 3 Over time, a substantial proportion of patients will ultimately require insulin therapy to maintain glucose control. [3] [4] [5] MET is usually maintained and whether sulphonylurea (SU) should be discontinued or maintained at the start of insulin therapy is an unresolved matter. 6 When selecting glucose-lowering agents to achieve glycaemic targets, several factors should be taken into consideration, including the glucoselowering potential of the agent, the risk of hypoglycaemia, weight gain, tolerability and costs. Hypoglycaemia can influence well-being, quality of life and cause anxiety. 7 Fear of hypoglycaemia may represent a barrier to some physicians who might be reluctant to prescribe insulin 8 or delay initiating insulin. 9, 10 It is also a commonly quoted reason for patient reluctance to accept insulin 11 or intensify their insulin regimen. 12, 13 The definition of hypoglycaemia in clinical trials is based on symptoms (including severity), blood glucose levels and the timing of the event.
In symptomatic events, the patient displays one or more symptoms of hypoglycaemia; in confirmed events, a 'low' blood glucose measurement is documented; and severe events usually require 'third-party assistance'
with or without blood glucose measurements and prompt recovery on countermeasures. 14 In addition, hypoglycaemic events can be classified as daytime or nocturnal events. Reporting of data on hypoglycaemia across randomised controlled trials investigating the use of basal insulin analogues in type 2 diabetes has not been standardised, with various definitions and blood glucose cutoffs utilised within the literature. 15 In addition, the collection of hypoglycaemia data is often incomplete and relies on patient reporting and transcription of events. This can make the interpretation of data on hypoglycaemia problematic. 16 The use of standardised endpoints to define clinical hypoglycaemia could enable physicians to make informed treatment decisions based on the risks and benefits of therapy. A better understanding of the hypoglycaemia risk when insulin is used in combination with one or more glucose-lowering agents may further inform the treatment decisionmaking process for the clinician, and address concerns regarding hypoglycaemia when initiating or intensifying insulin therapy.
The aim of this pooled analysis of patient-level data was to investigate efficacy (glycated haemoglobin [HbA 1c ], responder rate, fasting plasma glucose [FPG] ) and safety outcomes (hypoglycaemia, weight) of insulinnaïve people with type 2 diabetes included in treat-to-target randomised 
Methods

Study Selection and Population
Eligibility criteria were prospective, randomised, controlled, treat-totarget trials with protocol-driven titration algorithms targeting FPG levels <5.6 mmol/l (<100 mg/dl) with a duration ≥24 weeks. 
Hypoglycaemia Outcomes
Numbers of confirmed hypoglycaemic events were determined by using several PG cutoffs : PG <3.9 mmol/l (<70 mg/dl), <3.1 mmol/l (<56 mg/ dl) and <2.8 mmol/l (<50 mg/dl), respectively. These categories were also analysed by time of occurrence during the day: at any time of the day (defined as PG-confirmed events over 24 hours), daytime (PGconfirmed events occurring between 06:00 and midnight) and nocturnal (PG-confirmed events between 00:01 and 05:59). In addition, a severe hypoglycaemic event was assessed using two definitions irrespective of time of occurrence: events requiring third-party assistance) and events requiring third-party assistance with documented PG <2.0 mmol/l (<36 mg/dl).
Overall hypoglycaemia occurring at any time of the day included PGconfirmed events or severe events requiring third-party assistance (without a documented PG value). Daytime and nocturnal hypoglycaemia analysis excluded any severe events.
Composite Outcomes and Body Weight
The percentage of patients achieving an HbA 1c level <7.0 % at week 24 without overall or nocturnal hypoglycaemia with PG <3.9 mmol/l and <3.1 mmol/l over the treatment period are reported. Weight data were analysed for patients treated with IG+MET, IG+SU or IG+MET+SU.
Statistical and Analytical Procedures
Baseline and week 24 patient-level data for patients treated with
IG+MET, IG+SU and IG+MET+SU were pooled and analysed from all patients who were randomised and who subsequently received ≥1 dose of IG and the OADs as defined for the subpopulation of interest. Continuous efficacy endpoints of HbA 1c , dose and weight at endpoint were analysed using generalised linear models with adjustments for OAD treatment group, study, duration of diabetes, body mass index (BMI), age and baseline value. For the outcome of achievement of HbA 1c <7.0 % at endpoint, odds ratios (ORs) for pairs of OAD treatment groups were derived from a logistic model, adjusting for the same factors as in the continuous model.
All hypoglycaemic events experienced up to and including 1 day after the end of the treatment period (day of last dose or week 24, whichever came first) were considered for analysis. Hypoglycaemic events were summarised by categories using descriptive statistics, including the number and percentage of patients with ≥1 event (incidence), the total number of episodes and the annualised rate (events/patientyear). The incidence and annualised rate of hypoglycaemic events for each OAD treatment group were estimated and analysed using logistic and negative binomial regression, respectively. In both cases, BMI and duration of diabetes were pre-specified factors and were included for all hypoglycaemia categories for which there were sufficient data. Other potential prognostic factors (including age, gender, HbA 1c at baseline, OAD treatment group, study and interaction of duration of diabetes and OAD treatment group) were considered for inclusion in the model using univariate analyses and multivariate model selection and were retained in the final model as appropriate. A p value of ≤0.05 was considered to be statistically significant.
The cumulative number of hypoglycaemia events per patient over time (by study day) was also determined. The relationship between hypoglycaemia and glycaemic outcomes at study end was also investigated using binomial meta-regression techniques. 17 Regression coefficients for HbA 1c and FPG at endpoint were used to model event rates per patient-year for HbA 1c and FPG values reported at endpoint.
Results Patients
Out of the patients who were treated with IG, 44 patients were excluded from analysis as they did not receive any of the prespecified background OAD medication. Another 34 patients were also excluded from the analysis as they referred to four study sites that were noncompliant to GCP guidelines. As a result, a total of 2,837 patients treated with IG were eligible for analysis according to OAD background medication: 634 patients treated with IG+MET, 906 patients treated with IG+SU and 1,297 patients treated with IG+MET+SU. Patients in the latter two treatment groups were significantly older (p<0.0001 for both; p=0.0302 for IG+SU versus IG+MET+SU) and had a longer duration of type 2 diabetes (p<0.0001 for both). In IG+SU-treated patients, baseline HbA 1c and FPG levels were significantly higher (all p<0.0001), and weight and BMI significantly lower (all p<0.0001) compared with the other two treatment groups (see Table 2 ).
Efficacy
Efficacy outcomes are summarised in Table 3 . The IG+MET and IG+MET+SU treatment groups had similar endpoint HbA 1c levels (7.0 % and 7.1 %, respectively) and a similar change in HbA 1c level 
Hypoglycaemia Rates and Incidence
Adjusted pooled incidences and event rates of overall, daytime, nocturnal and severe hypoglycaemia are shown in Table 4a and 4b.
IG+SU and IG+MET+SU showed significant observed increases in overall, daytime and nocturnal hypoglycaemia rates (up to threefold compared with IG+MET). Daytime and nocturnal hypoglycaemia incidence was also increased in patients treated with IG+MET+SU and IG+SU compared with patients treated with IG+MET. Severe hypoglycaemia with IG was rare, with no significant differences observed in event rate or incidence between the three treatment groups (see Table 4a (see Figure 2) . A similar pattern was observed for overall and nocturnal hypoglycaemia event rates according to FPG levels achieved at endpoint. Modelled hypoglycaemia event rates were consistently higher in patients treated with IG+MET+SU and IG+SU compared with IG+MET.
This was observed regardless of the hypoglycaemia definition and PG cutoff used, but increased rates were most marked for overall and nocturnal hypoglycaemia event rates with documented PG <3.9 mmol/l.
Glycated Haemoglobin <7.0 % without Hypoglycaemia
In 
Discussion
Hypoglycaemia is a substantial complication in the treatment of type 2 diabetes. The risk and severity of hypoglycaemia increase with disease duration and intensification or duration of insulin treatment. 1, [18] [19] [20] Severe hypoglycaemia can lead to seizures and coma, and has been reported to be associated with an increased risk of macrovascular events, microvascular events and all-cause death. 21, 22 Non-severe hypoglycaemia is also associated with a significant reduction in quality of life and accounts for a substantial reduction in work productivity. [23] [24] [25] The current pooled, post hoc analysis of patient-level data from n=906 and n=1,297; Fonseca study 31 n=792 and n=1,084, respectively). In addition, the previous study only reported symptomatic hypoglycaemia (including confirmed symptomatic and severe symptomatic), 31 whereas the current analysis provides additional information regarding rates of overall, daytime, nocturnal and severe hypoglycaemia.
Comparison of data on hypoglycaemia across clinical studies is challenging for several reasons. First, reporting of hypoglycaemia data across studies is inconsistent, 15 reducing the pool of data available for comparison. Variations in study design, such as the insulin titration algorithm, FPG targets and the insulin dosing times utilised, can also have an effect on the risk of hypoglycaemia. Second, several patientrelated factors are associated with an increased risk of hypoglycaemia in type 2 diabetes. These include younger age, lower BMI, previous hypoglycaemic events, presence of individual micro-and macrovascular complications, duration of diabetes, duration of insulin treatment, type of insulin and number of insulin injections. [32] [33] [34] [35] [36] [37] Finally, and as shown in the current study, the type of OAD administered as background therapy and the characteristics of the patients administered these different combinations can also impact on the risk of hypoglycaemia.
In agreement with our results, a previous investigation showed that use of a SU in addition to MET, rather than MET alone, increased the risk of symptomatic hypoglycaemia by up to 88 %. 37 Thus, the ability to compare the incidences and event rates of hypoglycaemia from this analysis with those reported in other published studies is limited and problematic.
Comparison would only be appropriate if the study methodology, the definitions of hypoglycaemia utilised, the study populations and the background oral therapy were identical. This analysis benefits from the inclusion of data from prospective, randomised, controlled clinical trials and the large patient population evaluated (n=2,837). The large number of centres and geographic regions included (Asia, Australia, Eastern and Western Europe and North and South America), although liable to introduce variability in the implementation of the treatment regimens, provides an advantage in terms of the translatability of the results. Standardised protocol-driven titration regimens and treatment targets were used in the studies included in the analysis and, in addition, the analysis only considered IG administered at bedtime. Derived data were also standardised, allowing consistent endpoint definitions to be applied across the studies. Furthermore, the patient-level analysis allowed for the inclusion of patient-level baseline characteristics as covariates. The analysis is, however, limited by the fact that only five IG+MET, six IG+SU and nine IG+MET+SU treat-to-target studies were evaluated from which relevant patient-level data were available and that the findings are limited to IG and therefore not applicable to other basal insulins.
Although the post hoc nature of the analysis can be considered as a limitation, the analyses were conducted using a pre-specified statistical analysis plan. In order to fully evaluate the various combinations of oral agents and insulin, specifically differences in HbA 1c between MET and SU, randomised comparative trials are required.
Conclusion
In summary, the results of this pooled, post hoc, analysis of patient-level data from treat-to-target randomised trials illustrate that differences in glycaemic control, hypoglycaemia risk, weight change and dose can be seen in patients with type 2 diabetes, depending on the background OAD therapy that is combined with IG. A greater proportion of patients treated with IG+MET achieved target glycaemic control and the overall risk of hypoglycaemia and weight gain was lower with this regimen compared with IG+SU and IG+MET+SU, despite an increased insulin dose requirement. n
